Many observables which are used as a signature of the collective effects in heavy-ion collisions when measured in high multiplicity pp and pA interactions reveal a very similar behaviour. We will present first measurements of different order flow coefficients and their magnitude correlations for data collected by ALICE during the LHC Run 2 operation, which includes pp collisions at √ s = 13 TeV, p-Pb at √ s NN = 5.02 TeV, Xe-Xe at √ s NN = 5.44 TeV and Pb-Pb collisions at √ s NN = 5.02 TeV. Such a broad spectrum of colliding systems with different energies and wide range of multiplicity allow for detailed investigation of their collision dynamics. The measurements are based on a newly developed subevent technique, which was proven to be particularly important for studies in small systems. The results provide an important insight into the nature of collective phenomena in different collision systems.
Introduction
Collisions of heavy ions at ultrarelativistic energies at RHIC and the LHC serve to study the QuarkGluon Plasma (QGP), a state of QCD matter where quarks and gluons are in a deconfined state. One of the most suitable observables to probe the properties of the QGP are the flow coefficients v n = cos [n(ϕ − Ψ n )] , obtained from the Fourier expansion of the final azimuthal particle distribution with respect to a common symmetry plane Ψ n [1] :
v n e in(ϕ−Ψ n ) .
Observables, believed to indicate the presence of the QGP in heavy ion collisions, revealed similar features in high multiplicity p-Pb and pp collisions, which were originally considered as a reference without the emergence of the QGP. In particular, the measurements of the near side "ridge" structure in the di-hadron correlations [2] or the negative sign of the four-particle cumulant [3] indicate the presence of long-range multi-particle correlations, usually interpreted as collectivity. The origin of these phenomena is still under debate. The results presented here will bring more insight into the investigation of collectivity.
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Analysis details
The results presented here were obtained from data samples recorded by ALICE [4] during the LHC Run 2 data taking, in particular from Pb-Pb collisions at √ s NN = 5.02 TeV, Xe-Xe collisions at √ s NN = 5.44
TeV, p-Pb collisions at √ s NN = 5.02 TeV and pp collisions at √ s = 13 TeV. A minimum-bias trigger requiring a coincidence of signals between the two arrays of the V0 detector (V0A and V0C) was used in all collision systems except for pp collisions, where the data were collected with a dedicated high multiplicity trigger selecting events based on the amplitude in both arrays of the V0 detector. The threshold of the trigger corresponds to events with a multiplicity in the V0 acceptance 4 times larger than the minimum-bias average. Overall, data samples of 310 · 10 6 high multiplicity pp collisions, as well as 230 · 10 6 p-Pb, 1.3 · 10 6
Xe-Xe and 55 · 10 6 Pb-Pb minimum-bias collisions were used in the analysis. Only charged particles with a transverse momentum 0.2 < p T < 3.0 GeV/c and with full azimuthal coverage in pseudorapidity |η| < 0.8 were used for the analysis. Measurements of cumulants [5, 6, 7] and Symmetric Cumulants [8] were calculated using the generic framework [8] with implemented corrections for non-uniform acceptance and tracking inefficiencies by weighting the Q-vectors. The subevent method [9, 10] was employed in the measurements in order to suppress short-range few-particle correlations, denoted as non-flow.
Results
Small collision systems, especially pp collisions, are dominated by non-flow correlations. While a positive c 2 {4} is measured in pp collisions, the c 2 {4} 3−sub is found to be negative after the suppression of non-flow with the subevent method, shown in Fig. 1 (left). This is measured for the first time in pp collisions with the ALICE detector, and it will allow us to extract a real-valued v 2 {4}. Furthermore, the effects of nonflow in Symmetric Cumulants in pp collisions are investigated in the right panel of Fig. 1 . A strong positive correlation is observed for S C(4, 2) and S C(3, 2), which significantly decrease with the subevent method. Therefore, it is crucial to report results in small collision systems with the subevent method, which makes them less biased by non-flow correlations. Measurements of flow coefficients v n using the two particle cumulant from pp, p-Pb, Xe-Xe and Pb-Pb collisions are shown in the left panel of Fig. 2 . An ordering of flow coefficients v 2 > v 3 > v 4 is observed in large collision systems, as well as a clear multiplicity dependence of v 2 reflecting the initial geometry of the overlapping region of the colliding nuclei. At low multiplicities, the values of v n from Xe-Xe and Pb-Pb collisions become compatible with those measured in pp and p-Pb collisions, all exhibiting a weak multiplicity dependence. Similarly as in Xe-Xe and Pb-Pb collisions, an ordering of v n is reported in small collision systems, too.
The right panel of Fig. 2 shows measurements of v 2 {m} (m > 2) compared for all four collision systems. The measurements in large collision systems are compatible, suggesting the presence of long range (v 2 {m} ≈ v 2 {m} sub ) and multi-particle (v 2 {4} ≈ v 2 {6} ≈ v 2 {8}) correlations. Non-flow effects can be further suppressed in multi-particle cumulants in p-Pb collisions resulting in an increase v 2 {4} 3−sub > v 2 {4} and extension of this measurement down to lower multiplicities. In pp collisions, a real-valued v 2 {4} 3−sub is measured for the first time with the ALICE detector. Moreover, measurements of v 2 {4} in both pp and p-Pb collisions are compatible with v 2 {6} results, showing the existence of multi-particle correlations in small collision systems. Thus, the observations revealed by the measurements of flow coefficients imply the presence of collectivity in small collision systems. Various theoretical models, either based on hydrodynamic evolution [11, 12, 13] , initial state correlations only [14] , or other effects [15, 16] , can reproduce the measurements of the flow coefficients from two-particle correlations in pp or p-Pb collisions at least on a qualitative level. However, more observables which can help to constrain initial conditions and provide the power to disentangle between different approaches are necessary in order to improve our understanding of collectivity in pp and p-Pb collisions. Measurements of S C(3, 2) are sensitive to initial conditions while S C(4, 2) provides access to to the dynamical evolution of the medium [17] . Since non-flow correlations largely affect these measurements, especially in small collision systems, only the results with the 3-subevent method are presented in Fig. 3 . A positive S C(4, 2) 3−sub is observed in the entire multiplicity range for all collision systems, while a negative S C(3, 2) 3−sub is seen at large multiplicities in Xe-Xe and Pb-Pb collisions. At low multiplicities, a transition to a positive correlation is observed in Pb-Pb collisions, which seems to be followed by the results obtained in pp and p-Pb collisions.
Summary
We present the measurements of flow coefficients and their correlations using multi-particle cumulants. In order to suppress non-flow contamination in these measurements, a subevent method is applied both to the v n {m} and S C(m, n) observables. This results in a negative sign of c 2 {4} 3−sub in pp collisions, reported for the first time by the ALICE collaboration. Measurements of the flow coefficients in small collision systems reveal similarities with the results in large collision systems, which indicate the presence of collectivity in pp and p-Pb collisions. The nature of the collective phenomena is further studied with the measurements of Symmetric Cumulants. A positive S C(4, 2) 3−sub is reported for all collision systems, and a crossing from negative to positive sign of S C(3, 2) 3−sub is shown for both small and large collision systems. The results of v n {m} and S C(m, n) presented from four different collision systems, provide a complex set of information for future model comparisons, which will allow us to conclude about the mechanisms responsible for the observed collectivity in small collision systems.
